Sole mark occurrence data were collected by means of a survey of all scientific literature archived to Google Scholar and GeoRef and containing one or more of the following terms:
single entries-but only in such instances where, on the basis of age and geography, it was clear that there was no overlap with units already included in the database. Shallow marine units were further subdivided into two categories: 1) normal marine and lithified (n = 266) and 2) restricted, emergent or unlithified (n = 61). Subdivision into normal vs. non-normal marine was conducted in order to further elucidate first-order temporal trends in sole mark formation and preservation, by correcting for potential biases introduced by non-'normal'-marine (restricted, brackish or periodically exposed) conditions associated with marginal marine settings, as these settings may (regardless of age) experience unusual environmental conditions (divorced from those of normal marine settings) promoting sediment cohesiveness. In addition, the small number of Quaternary shallow marine occurrences of sole structures were subdivided according to whether those sediments were lithified (n = 1) or unlithified (n = 5), as the unlithified sediments were, in most instances, modern seafloor sediments characterized by erosional gouges (incipient tool marks, flute marks and gutter casts) which had not yet been infilled or cast. As these have not yet experienced the 'gauntlet' of burial, preservation and lithification, unlithified Recent and modern (Quaternary) sediments were considered separately from lithified units. These literature data were also, for three units, supplemented by the author's field-based sedimentological observations (e.g., Fig. 1 ; Supplementary Table 1; manuscripts in preparation). The age (to the level of Period), lithofacies, depositional environment and presence (and, where available, abundance and size) of all types of sole marks were noted (Supplementary Table 1 ).
Units crossing Period-level chronostratigraphic boundaries were assigned partial scores in each interval (e.g., an Ordovician-Silurian unit would be assigned an Ordovician score of 0.5 and a Silurian score of 0.5). Abundances of shallow marine formation-level units bearing sole marks were tallied and subsequently normalized to global Phanerozoic Period-level and Era-level rock area estimates, using the metrics of Raup (1976) (Period-level and Era-level) (Fig. 2A, DR1A ), Wall et al. (2009) (Period-level) (Fig. 2B ) and Peters and Husson (2017) (Era-level) (Fig.   DR1B) . The Period-level rock area estimates reported by Raup (1976) , which are currently among the most precise and widely used global Period-level rock area estimates available, were originally derived from the calculations of Blatt and Jones (1975) which those authors calculated through randomized sub-sampling of global rock area from geologic maps. As Raup (1976) used time bin durations (Lambert, 1971 ) different from current definitions, Raup's (1976) Period-level km 2 /yr estimates were un-normalized to rock area (10 6 km 2 ) estimates. Time bin durations used in this study were derived from Gradstein et al. (2012) . For comparison, raw abundance data were additionally normalized to the Period-level estimates of marine sedimentary rock area of Wall et al. (2009) , which were derived by those authors from a large-scale compilation of UNESCO global geologic maps, supplemented by lithologic data (see Wall et al. (2009) for a detailed discussion of how these estimates were generated). Raw abundance data were also normalized to Era-level global rock area estimates (calculated from Period-level estimates)
reported by Raup (1976) , as well as to Era-level global rock area estimates reported by Peters and Husson (2017, fig. S4 ) and derived by the latter authors from USGS global geologic map data (https://mrdata.usgs.gov/geology/world). As the rock area estimates of Raup (1976) , Wall et al. (2009) and Peters and Husson (2017) were based upon different geologic map datasets and derived using different methods, the absolute rock area values (and thus area-normalized formation abundances) of each scheme also differ. However, as for any normalization scheme, it is the comparison between time bins subjected to the same normalization method which is most relevant, and all employed normalization schemes resulted in the same general and statistically robust temporal trend. Raup (1976) sole mark-bearing units were not included in Fig. 2B . Rock area was utilized as a normalization metric because rock area is inherently a factor of geologic time (e.g., time bin duration), sedimentary processes (e.g., the balance between sedimentation and erosion) and tectonic processes (e.g., subduction, accretion, crustal extension or contraction and uplift), all of which will substantially mediate the global areal extent of surviving outcrop available for survey. The overwhelming majority of sole mark identification occurs from field-based outcrop study (e.g.,
Supplementary Table 1 and references therein); therefore surficial rock area (rather than volumetric or mass-based metrics) was deemed the most appropriate metric for normalizing raw abundance data. Solely chronological normalization metrics (e.g., time bin duration; Fig. DR2) do not account for the influence of tectonic and sedimentary processes and are therefore subject to biases introduced by the 'pull of the Recent' (e.g., Pease, 1992; see Fig. DR2A ), i.e., younger deposits have not yet experienced, relative to older successions, the geologic 'culling' associated with erosion, burial, lithification, tectonic deformation and subduction. Normalization to rock area is a widely employed method in the paleontological community, in which it has long been recognized that raw taxon abundance data will scale strongly to outcrop area (e.g., Pease, 1992; Wall et al., 2009; Close et al., 2017 and references therein) . The temporal trends resulting from these calculations were further analyzed using regression analyses and Spearman rank-order correlation coefficients in order to assess the extent of correlation between sole mark frequency and geologic age; this correlation was found to be robust and statistically significant. Figure DR1 . Phanerozoic frequency of sole marks in shallow marine environments. Abundance of formation-level geologic units containing sole marks is reported, normalized to global rock area for each geologic Era. Blue and green histograms denote all shallow marine occurrences; gray histograms denote all shallow marine occurrences, excluding emergent and restricted settings and unlithified Quaternary sediments. Normalization to global rock area was calculated using the global rock area values reported in (A) Raup (1976) and (B) Peters and Husson (2017) ; the latter were derived from USGS global geologic map data (https://mrdata.usgs.gov/geology/world), as reported in Peters and Husson (2017, fig. S4 ). Tools are submm to mm-scale in width Jensen, 1997, Fossils and Strata ; Droser et al., 2002, PNAS ; Jensen et al., 2002, Lethaia ; Droser et al., 2004, Geological Society, London, Special Publication ; Savazzi, 2015 Mount, 1993, Sedimentology ; Droser et al., 2002, PNAS ; Jensen et al., 2002, Lethaia ; Droser et al., 2004, Geological Society, London, Special Publication ; Tarhan et al., 2015 Bullimore et al., 2008, SEPM Special Publication ; Sixsmith et al., 2008, AAPG Bulletin ; York et al., 2011, Journal of Sedimentary Research ; Painter et al., 2013, Journal of Sedimentary Research ; Legler et al., 2014, Journal of Sedimentary Research ; Andresen, 2015, Colorado School of Mines M.S. thesis; Fielding, 2015, Sedimentology ; Gomez-Veroiza and Steel, 2017, Interpretation ; Korus and Fielding, 2017 
